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SAND TRANSPORT BY WIND
STUDIES WITH SAND C (0,145 MM DIAMETER)

by
Abdel-Latif Kadib

This study on the variation in the rate of sand transport with the
wind velocity was made with a sand having a mean diameter of 0.145 mm
and grain size distribution as shown in Fig. 1.
The experimental procedure essentially was the same as that used
by Belly (1) in tests on Sand A (D = G,44 mm), and Sand B (D = 0.30 mm),
The only difference in the procedure was that io obtain wind velocities
as low as 10 ft/sec, it was essential to open some of the top covers of
the wind tunnel, Vertical wind profiles were measured for different com-
binations of cover openings. The results of these tests are shown in Fig. 2.
Sand was fed into the upper end of the tunnel in all runs.

The shear velocity U, was calculated using Zingg's formula:
Z 1
U=6.13U*Log—z—, + U

The experimental threshold velocity (with sand feed) was 22,0 Cm/sec
and that calculated by the Bagnold formula was 17.6 Cm/sec. The differ-
ence between the observed and the calculated values of the threshold
velocity is due to the use of a constant value for A in the Bagnold formula:

Uy, =A _..%;P_gd

t

(1) Belly, Pierre-Yves, Sand Movement by Wind, Univ. of Calif. Inst. of
Engin. Res., Series 77, Issue 7, July 1962,



Bagnold showed that the value of A, for a grain size of 0,20 mm or less,
is not & constant. The coordinates of the focal point of the vertical veloc-
ity distribution curves were obtained from Fig. 3,

Z' = 0.0125 ft

U" = 6.4 ft/sec
These values did not agree with that obtained from the Zingg equation,
i.e,

A

L

0.0048 ft

Ul

4.25 ft/sec

Table 1 gives the experimental data obtained from these tests,
These data are plotted in Fig. 4.

Figure 5 shows the experimental values of sand transport com-
pared with values calculated by the Bagnold and Kawamura formulas. In
this comparison, a value of C = 1.5 was used in the Bagnold formula,
This is the lower value for the value of C recommended by Bagnold and
applies to a uniform grain size., For the Kawamura formula a value of
K = 1.0 had to be selected in order that the calculated curve would pass
near the experiential points,

Comparison with O'Brien and Rindlaub formula

O'Brien and Rindlaub (2) proposed the following formula from data
derived from the field tests:
G=10.036 Ug (for Ug > 20 ft/sec)

where G is the rate of movement of dry sand in pounds per day passing

(2) O'Brien, M. P. and Rindlaub, B, D., The transportation of sand
by wind, Civil Engin., May 1936, pp 325-326



an imaginary line 1 foot in length drawn perpendicular to the wind, and
Ug is the wind velocity 5 ft. above the sand surface in ft/sec. During the
field tests the sand caught in the sand trap had a median diameter be-
tween 0,17 mm and 22 mm,

In order to compare the test results with the O'Brien and Rindlaub
formula, the velocities 5 ft. above the sand bed in the present tests were
calculated using Zingg's formula; i.e.,

U=6.13 Uy Log & + U’

This calculation wag madée for Sand A (D = 0.44 mm), Sand B (D = 0.30 mm)
and Sand C (D = 0,145 mm ), Tables 2, 3 and 4 show the calculations for
Sands A, B, and C, respectively, Figure 6 shows the plota of the
experimental data compared with the O'Brien and Rindlaub formula

The experimental values for the sand transport are compared with the
O'Brien and Rindlaub formula as follows:

Sand A (D = 0,44 mm). The data follow a straight line the slope of which

is about 6.00 instead of 3,00 as found by O'Brien and Rindlaub (Fig. 6a).
Also the value of the constant (0.036) in their formula was found to be
about 0.76 x 10”8 for sand A. This limits the use of their equation to
sand with a grain diameter similar to what they tested (D = 0.195 mm).

For Sand A (D = 0,44 mm) the best description is

6.00
G=0.76 x10-6 Ug

Sand B(D = 0.3 mm). Experimental data follow a straight line parallel

to the O'Brien and Rindlaub curve but shifted to the left (Fig. 6b). The



value of the constant for Sand B was found to be 0.065. For Sand B(D=0,3mm)

the best description is

G = 0.065 x Ug "

Sand C (D = 0.145 mm). Figure 6c shows a scatter of the experimental

data around the O'Brien and Rindlaub curve. The scatter does not seem to

be significant. This sand was the only one which agrees with the O'Brien

and Rindlaub formula. This agreement probably is because Sand C(D=0.145 mm)
has approximately the same order of magnitude of grain diameter as found in

the O'Brien and Rindlaub tests (D = 0.195 mm).

CONCLUSION

1. The value of threshold velocity is beat determined by experiment when
the grain size is less than 0,20 mm.

2. The value of C in Bagnold's formula has less scatter than the co-
efficient K in Kawamura's formula.

3. The use of the O'Brien and Rindlaub formula must be limited to sand

having the same grain diameter of that tested.

.
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Table 1
¥ ind velocity Shear velocity Rate of
at Z =1,0 ft, U,in cm/sec transport
in ft/sec in gr/em-sec

14,70 24 .40 0,00187
16.00 27.80 0.0277
18.20 33.80 0.0590
19.40 36.80 0.0880
21.00 41.00 0.114
26 .60 55,50 0.278
28,00 59,50 0.189
29.20 62.60 0.270
30.00 64.50 0.365
33.20 73.00 0.475
34.20 76.00 0.530
35 .40 79.00 0.645
36,00 80.50 0.736
37.50 84,50 0.950

38.80 88.00 0.945




Table 2

Calculations for Ug using Zingg's Formula
Sand A (D = 0.44 mm)

U' = 13 ft/sec
Z'=90,0135 5

Us=U, . 6.13 Log + 13.0
Us = 15.7 Uy + 13,00 00135

U* 15,7 U* U5 q
ft/sec 1h/ft-day
1.48 23,2 36.2 1820.,0
1.48 23.2 36.2 1680.0
1.52 23.8 36.8 2220.,0
1,65 25.8 38.8 2920.0
1.68 26 .40 39.4 3160.0
1.71 27,00 40.0 3360.0
1.78 28,00 41,0 4050.0
1.81 28.40 41 .4 4540.0
1.91 30.00 43,0 5260,90
2.1 33.00 46.0 5850.0
0.99 15.50 28.50 68.50
1,15 18.10 31,10 610.0
1.25 19.60 32.60 1055.0
1.28 20,20 33.20 1280.0
1.35 21.20 34,20 1350.0
1,562 23.80 36.80 1625.0

1.65 25.80 38.80 2930.0




Table 3

Calculations for Ug 14 using Zingg's Formula

Sand B (D = 0,30 mm)

U' = Y ft/sec
Z'=0,010
Us = Uy 6.13 Logj g 0_.561,6 +9.00

= 16.5 U, + 9
U, 16.5 Uy Us q
ft/sec ft/sec ft/sec b/ ft-day
0.545 8.70 17,70 0
0.825 13.60 22.60 665.0
0.99 16.30 25.30 930.0
1,085 17.80 26 .80 1270.0
1.180 19.50 28,50 1680.0
1,315 21,70 30.70 1680.0
1.35 22.30 31.30 2140.0
1.42 23.40 32.40 2320.0
1,58 26.00 35.00 2960.0
1.90 31.40 40.40 4400.0
2.10 34.80 43.80 5600,00




Table 4
Calculation of Ug gt using the Logarithmic Formula
Sand C (D = 0,145 mm)

Using the Modified Wind Velocity Distribution

Z
=6, 3 " !
u 13 U, Logyg 7 +u
up =6 .13Ux Log_os.n.s. + 5,40
=6.13 U, Log 400+ 54
=6.13x 2 - U, + 5.4

ug=16.0 U, + 5.4

Run Uy 16u, Ug Q T q Ib/ft-day
ft/sec ft/sec ft/sec 1b min,

3 .215 14.6 20.00 9.15 41.0 160.5
4 .804 12.8 17,90 0.55 41,0 9.65
5 1.85 31.2 36 .60 28.9 20 1038.0
6 2.05 33.0 38 .40 66.40 30 15980.0
7 2.40 38.4 43,80 76.9 20. 2760.0
8 2.98 46,3 51.70 68.6 2] 5500.0
9 2.50 40,0 45 .40 85.2 20 3070.0
10 2.60 41.6 47.00 62.5 12 3740.0
11 2.12 34.0 39.40 29.5 10 2150.0
12 2.78 44 .50 49,90 46.0 6 5500.0
13 2.65 42.50 47,90 29.6 5 4260.0
14 1.10 17,40 22.90 5.8 12 348 .0
15 1.21 19.40 24,90 5.0 7 514.0
16 1.356 21.60 27,00 5.5 6 660.,0
17 1.83 29.30 34.70 13.5 6 1620.0




Sieve Sizes, m.p.i.

100 — 10080 60 48 41L 3228 20 ze 10 8 6 4
90 F ] / 1 .
- i 1 7
C I 3 :
80 |-
o, E +- d -+ + -
70 F T -
[ ] / .
60 ] .
" :t .
M N 1 -‘[ i .
N ' 1 / ' ' n
= . ——
a0 F T .
N T / 2
30 j N
Q F 1 T [ + + S
20 F uy n
E n
10 | 7
OE“QH;H | ] IJ]L::IIIJI 11 i L 1 i 1
10 20 30 50 100 200 300 500 1000

Grain Size, microns

FIGURE' |. MECHANICAL ANALYSIS OF SAND

HYD Q9I177—A



V-BL16 QAH
3771304d ONIM TIVOIL¥3A NO SONIN3IJO dO0L 40 193443 "2 34N9I4
| E LTV VRRY STELITYN
9¢ 49 82 v 02 9l 2l 8 v 0
T fx v Tt &) 0’0
cez'iov g1 | x =l ! <\<\‘\ ! |
281l ou 81 o v X1
| ou g1 v y W v T
uado doj ou g1 a P \
gge'l rou 21 O u.%x 0
28100 zi v lo & :
| ou 21+ | 1
[ Usdo doy ou 21 e Hid 1 ]
fa X A
buruadp fusng \
—  do) uo4 7 ] w 80
X \ {!
N |
Y X \ —
z 7 P X A
8! Ar @ X \
_/ o
- v x// T
v 02
| e _
_ | | 1 _ _ ! o

uoljoAad| 3]

‘pag @aaAo0qD

1334




0.8 AI

i
I

K"\f\u

A

RN

[
=

ﬁﬂfﬁr 5
S~
|

Elevation above Bed, feet
o

0.08 7 Z'= 0.0185 ft :
A , - -
T 1 U'= 5.4 ft /sec f
0.06 X — 1
Run Fan Opening §
o 4 13 I —_ !
X 6 I3 - {
0.04 a 3 18 I ’
p 8 26 - !
¥
i, |
¥
1
0.02 /
0.0 HYD 9179-A
“o 10 20 30 30 50 60 70
Wind Velocity, ft/sec
FIGURE 3. VELOCITY DISTRIBUTION ABOVE 3AND SURFACE WITH SAND MOVEMENT
B




T T——

4
03S/1d4 22 = 1S31 WO¥4 *n oNISn v INWEO04
VUYNAVYMYY ONV JTONOVE HLIM SLMS3Y
TVINIWNINIAX3 N3IIML3IE NOSIHVINOD "¢ JuNnIld

*

— - —— —— = -

(WwW G0 =0)

LH4O0dSNVHL GNVS 40 31vd + 34N9l4

sasywo * ¥p
06 08 oL 09 0¢ (0} 4 og 02Z ol 0 (o]:] 0oz (03] oS ot (01 02 ]
© T
—
\\ )
\
o \ o \
)4
7/ ¢
7 /
A /
/
o
/A /
/ 051 =93
0\ ww GgZ2'0=0
, ww Gp1I'0=P
4 6
w\ eh i ;m_. 2=b \o
\‘ pjnwio4 pjoubog -——
i '
/ C*n=*ax *n-*myEu-b N
/ 2 d
\\ 001 =X UjMm OJPWIO] DINWOMDY —— N
ojo
| | ! 1 { |

v -08i6 OAH

00

2'0

@ 9 < "
o o o o]
09s/ woy wh ‘B

~
o

8'0

60



VINWEOd 9TNVIAONIY NV N3I¥E 0 3JHL
NV VLIVA TTVINIWIH3dX3 N3IIML3IE NOSIHVJNOD "9 JuN9Id

23s/44 ‘pag puns anoqy 4333 ¢ Kyd01ep puim

v-iBl6 QAH

QoI 08 09 ov o2 o 08 09 ot 0z o 08 09 ov oz ol
00!
WwGhitO =0 ‘D ANVS wwe'o=0 ‘8 ANVS wwpp Q=0 ‘v ANVS
.v . D) w204
qnojpury
puo usng 0 — 002
2 q 1DjHBW IB3AX F O= =i o
. /
; /
/ oot
[V i/ 0
o
- oiL\ 009 2
N \ \ C\ g
l =
/ y n. (o]e]:] @
-5 000183
(<] \ \ &
P 5
>
VA i .
4 o
J *u. ‘“m 000 N..m
/ . /
]
/ / /1
m 000't
/ \.. / b
/o / Yo \4 000's
/ ] .
A i 0008
000'CI



